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passes through Scenic, the highest inhabited place in the
Skykomish valley, which is four miles west of Stevens Pass.
The eastern boundary isrnear Lake Wenatchee, approximately 15
miles east of the Crest.

Apart from U.S. Highway 2 the only other roads are an
often impassable Bonneville Powef Administration maintenance
road along Mill and Tunnel Creeks, and a logging road up the
Little Wenatchee River. The Great Northern Railway's famous
Cascade Tunnel lies beneath Stevens Pass. The Cascade Crest
Trail follows the divide in this area. Other trails are few

and usually poorly maintained.

Topography and Drainage

The entire area is mountainous and has considerable
relief (Plates I, II, and III). Near Stevens Pass there is
no bredominant trend to the ridges. Peaks and ridges in this
vieinity rise to a mgximum elevation of about 6000 feet, with
a maximum relief'of about 3000 feet. East of Stevens Pass
the topographic units assume an east-west trend, with maximum
elevations exceeding 7500 feet, and a maximum relief approach-
ing 6000 feet. Glacial cirques, often occupied by small
lakes, are common, and all the major valleys are glacial
troughs.

The two major streams east of the divide are Nason

Creek and the Little Wenatchee River. All the eastward
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PLATE I

Stevens Pass and the avalanche-swept south slope
of Skyline Peak, as seen from the main peak of
Mt. Fernow. Peaks of the Index and Monte Cristo
areas form the skyline.
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drainage joins the Wenatchee River whieh flows into the
Columbia River just north of the ¢ity of Wenatechee. The
drainage of the western gide eéventually joins the Skykomish

River which empties into Pugep Sound near the ity of Everett,

Previous Geologie Investigations

Geologically, most of the northern Cascades is unknown,
though certain restricted areas have been studied. Previous
work in the ares deseribed in this paper has been in the
naﬁure of general reconnaissance only and has not been pub-
lished apart from being used in the compilation of the Geologic
Map of the State of Washington (2,3). This map gives the
approximate distribution of the granitie and metamorphic rocks
in this area, although the actual boundaries shown are incopr-
rect.

Some additional geologle work has been done in
adjacent areas. Before the turn of the century I, C. Russell
made several reconnaissance trips in areas to the east and
hortheast (8,9). To the west of the area deseribed in the
Present paper, W. S. Smith made a brief Petrographiec and
Physiographie study of the Skykomish River basgin (13,14,15).
To the southeast of the present area, in the Vielnity of
Chiwaukum Créek, B. M, Page has done work involving structure,
Pétrology, and physiography (7). In an eéxtensive region east

Q4 -

of the Stevens Pass-Nason Ridge area, C. L. Willis has done
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detailed work in structure and petrology, the results of

which have been published in his recent University of Washing-

ton doetorate thesis (20).

Field Conditions

The conditions for geologlic investigation in the pres-

ent area are not ideal but are far better than in most parts

of the Northern Cascades, chiefly owing to the presence of

U.8. Highway 2. Dense timber and brush gover the lower eleva-

tions in the western part of the area. In the eastern part,

however, the ground, though timbered, is more open. High,

rugged peaks and ridges offer excellent, though not by any

means always continuous, exposures. The relief approaches, in

6000 feet, and most of the slopes are very steep.

some places,

Heavy snows of up to 700 inches in one season prohiblt geologice

work except during the short summer season.

I spent eight weeks in the field during the summers of

1949 and 1950, Due to a lack of aerial photographs, the map-

ping'had to be done by Brunton compass traverses alded by

photographically-enlarged copies of the Chiwaukum and Skykomish

gquadrangles of the U.,S. Geological Survey. Over 300 specimens

were collected, from which thin sections were made.
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GEOLOGY AND PETROLOGY OF THE CRYSTALLINE ROCK

General Statement

Though the Cascades are a topographic unit, their
rocks vary greatly in different parts of the Washington sectian
of the range. South of Snoqualmie Pass (Fig. 1), which lies
approximately 30 miles southwest of Stevens Pass, the bulk of
the exposed rocks are Tertiary voleanies (2,12). North of
Snoqualmie Pass the Cascades are a complex mass of metamorphiec,
sedimentary, and igneous rocks, dominantly of pre-Tertiary age.
Thé rocks described in this paper are mainly metamorphic and
granitic rocks of this northern provingce.

The roecks of the Stevens Pass-Nason Ridge area readily
permit a threefold division, both geographically and petro-
graphically (Plate B). The western third of this area, lying
both east and west of Stevens Pass and thus straddling the

¢reat of the Cascades, is dominantly composed of granitiec

‘rocks, the most abundant type being a quartz diorite. The

central third of the area is a series of extremely contorted
Bchists which are the oldest rocks present. The eastern third
0f the area, extending to Lake Wenatchee, consists of a belt

Of granitic and mixed gneisses.
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The petrologic and structural deseription of these

rock units is given in chronological sequence.

Schists

Distribution and Structure

The oldest rocks of the Stevens Pass-Nason Ridge area

are‘a group of schists. They are found in a broad belt east

of Stevens Pass between the granitic rocks lying west of Berne

and the gnelisses lying east of Merritt (Plates A and B). The

maximum width of this belt, as measured across the strike, is

8ix miles. The prevailing strike of these schists 1is

northwest-southeast, and this belt was followed along the

gtrike for four miles to the southeast and ten miles to the

northwest from the Stevens Pass Highway (U.8. 2). Only fur-

ther regional mapping will determine the northwest and the

southeast terminations of this unit. However, Dr. Peter Misch

says that he has observed the same schist unit about 30 miles
€0 the northwest in the Whitechuck River valley west of Glacier
Peak (17), and Page (7) has observed similar schists approxi-
mately ten miles to the southeast in the viecinity of Chiwaukum

Creek.

In spite of the timber cover at the lower elevations,

€Xposures are generally very good. Also, there are numerous

road and railway cuts along Nason Creek. At the higher eleva-

tilons cliffs and sharp ridges offer almost econtinuous exposures
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4n the schists. These schists form the highest elevations in
the entire area. Prominent among the higher peaks are the

Chiwaukum Mountains, lying south of Nason Creek, which attain

elevations in excess of 8000 feet. The sechists also form the

bulk of Nason Ridge, including Mt. Howard (7520 feet) and Rock
Mt. (7300 feet). The schists also form some of the lowest
elevationsﬂin the entire area, being found at elevations less
than 2000 feet. The northern ridge of the Chiwaukum Mountains
congists of schist forming a series of very steep, north-facing
eliffs and narrow, sloping benches. Even more spectacular than
this face is the north side of Nason Ridge which overlooks the
Little Wenatchee River. Here is a wall which, in many places,
is a mile high--a wall of nearly vertical c¢liffs and inclined
benches. The southerly slopes of the Chiwaukum Mountains and
of Nason Ridge are considerably less steep. Every ridge in

the schists displays this asymmetery which is probably due to

glaeial action locally aided by structural control (Plate IV).

- The predominant strike in the schists is approximately
northwest-southeast (Plate B). In the western part of the
Schists they are invariably found in isoclinal folds which are
reéadily seen in the field, and it is presumed that any larger
lt!ﬁ.turbl present are also isoclinal folds. These folds gen-
erally have a steep dip to the northeast (Plate V). Near
Merritt the strike swings around to nearly east-west, and the

dips become more gentle and, though variable, are generally to
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PLATE IV

Asymmetry of strike ridges in schists. The steeper
face to the left is at the head of a cirque; the
more gentle slope to the right is a dip slope.
North ridge of Mt. Fernow.




PLATE V

1 folding and steep
Immediately west

White exudation bands and

lenticles of quartz mark the isoclina
dips characteristic of these schists.

Banded biotite-quartz schist.
of Schilling Creek on U.S. 2.




the north. East of Merritt the schists pass into granitic
gnelsses, and the strike continues to change, finally becoming
northeast-southwest, with moderate dips to the northwest.
Field observations by Willis (20) and the author on the flanks
of Dirty Face Peak northeast of Lake Wenatchee show a prevail-
ing strike of northwest-southeast and steep southwest dips.
A coordination of these data appears to indicate that a major
structure--a broad northwest-plunging syncline-<has been
superimposed upon the isoclinally-folded schists and gneisses.
Though petrographically quite variable, in the field
the schists present a rather uniform appearance, weathering
usually to a dirty reddish-brown color. It is therefore dif-
ficult to distinguish different varieties of schist in the
field. The various types desecribed in succeeding pages have
been differentiated by mweans of microscopic study.
Petrographically the schists can be divided into two
major groups. The predominant type, though variable, is a
biotite-quartz schist. A subordinate type, also quite variable,

econtains hornblende, usually in excess of the blotite.

Biotite-Quartz Schists

These schists are generally isoclinally-folded and much
eontorted (Plate VI). Their dips are variable, but usually
gteep. These schists normally exhibit megascopically-visible

banding, and there are three distinet kinds of bands (Plate




PLATE VI

Banded biotite-quartz schist with intricate
minor folding. Later cross-cutting quartz-
feldspar replacement veins. East slope of
Mt. Fernow.
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The most prominent bands, and the widest, are dom-
inantly composed of quartz and commonly exhibit pronounced
pinehipg and swelling. These alternate with two kinds of
‘biotite-quartz,sehist: one type is a thin, greyish, very

fine-grained quartz-rich band; the other is a darker, bilotite-

rich band.

In view of this repetition of alternating bands and
lenticles, the rock might be called by some "gneissose," 1if
Tyrrell's definition (16,p.274) were followed. However, most
metamorphic petrographers do not follow this usage and would
unguestionably classify these rocks as schists. Accordingly,
in the present paper the term "gneiss" will be restricted to
those fairly coarse-grained foliated rocks possessing a high
feldspar content.

Some exposures of the schists show as many as 15 dif-
ferent bands within one inch, yet in others the bands are much‘
thicker, and some of the wider quartz bands may swell to
boudin-shaped agéregates up to 18 inches in thickness perpen-
dicular to the foliation of the sehist (i.e., im "¢"). Sueh
massive segregations of quartz often extend for a score of
feet in the direction of their longest axis--this axis paral-
leling the b-lineation in the roek. Their intermediate axis
Parallels the g—éxis in the schist. Both a and b lie in the

foliation plane, s (6,p.45;10,p.57). The prominent banding of




PLATE VII
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Banded biotite-quartz schist
with wider quartz exudation
bands, thin bands of quartz
mosaic, and dark biotite-rich
bands. Small, light-colored
spots in the blotitic bands
are almandine. West flank,

Jim H111l Mt. (spec. 1-13-9-49).
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the schists makes their minute detalls of often intricate
folding very conspicuous.

@Garnet, usually lgss than a quarter inch in diameter,
frequently studs the schistose bands (Plate VII).

A microscopic examination of a typical biotite-quartz

schist impresses one not only with the distinet banding but

also with the high content of quartz (Plate VIII). Quartz
usually comprises 70 to 75 per cent of the rock. The wider
guartz bands are composed of large, irregular, erystalloblastic
grains of quartz, with small amounts of elongate biotite and
accessory graphite usually occupying positions of random ori-
entation in the intergranular spaces. Undulatory extinetion
and the presence of sheared marginal areas which have subse-~
quently recrystallized, plus the inclusion of elongate biotite
grains, indicate that these bands have participated in the
deformation of the schist. Occasional small anhedral individ-
uals or 1rregu1ar aggregates of plagloclase occur between the
larggr quartz grains. This plagloclase varies from AbTO to
Ab75. It has the samé composition as that occurring in the
other two kinds of bands which make up the rock. These quartz
bands with their elongate biotite inclusions appear 0 be due
to metamorphic differentiation under conditions of aetive
stress. They may be called exudation bands which lie between

zones of intense shearing.




i

PLATE VIII

! ..; Al Ty p ‘}
fi¥ff S

- K\
! ‘._:

;:‘33?4?*§ﬁ€§éf' A

h s ..“'AA'&".&
SIS I
- s . 5

J o

(Photomicrograph, crossed nichols)
Banded biotite-quartz schist. Above:
quartz-rich band with large grains of
strained quartz and subordinate
plagioclase. Middle: finer-grained
mosaic of quartz. DBelow: biotite-
rich band. Southeast flank of Union

Peak (spec. B-10).



These thicker quartz bands are in most cases adjacent
to the thin, greyish, quartz-rich biotite schist bands which
econsist of a very fine-gralned mosalc of strained, irregularly-
shaped, usually equi-dimensional quartz, and subordinate bio-
tite and plagioclase (Plates VIII and XI). The over-all
structure is best described as granulose, with elongate biotite
and subordinate magnetite, graphite, and garnet oriented to
form a well-marked but discontinuous foliation.

The third and last type of band, which is darker and
pich in biotite, exhibits pronounced foliation (Plate X). A
fine-grained, irregular-shaped mosaic of quartz is associated
with large quantities of elongate biotite forming layers of
longitudinally-varying extent which are often continuous over
gconsiderable distances. The biotite 1is of a reddish-brown to
chocolate-brown color, is extremely pleochroic, and usually

contains well-developed pleochroic halgzs around tiny zircon

nuclei. Graphite is frequently aligned along the cleavage

planes of the biotite, and grains and irregular masses of
magnetite are common inclusions in the blotite.

Generally the schists show two generations of biotite.
The older generation consists of parallel flakes in the plane
of schistosity which are usually 5 to T times as long as thick.
At the apices of microscopic folds the biotite has usually been
bent, though reerystallization of folded biotite layers in

polygonal arcs also occurs. The first generation of biotite is




PLATE IX

Main

Graphite
Fernow (spec. 1-3-9-49).

bands, marking the foliation, are

Postkinematic crystalliz-

Contorted biotite-quartz
ation of biotite both along and

(Photomicrograph, plane polarized

light)
included in the biotite.

across the foliation.
peak, Mt.

schist.




(Photomicrograph, crossed nichols)
Mica-quartz schist with synkinematic
biotite marking the foliation, and
randomlg oriented postkinematic bio-

tite (b) and muscovite (m). Almandine
(a) at lower left. Summit of Nason
Ridge east of Lake Merritt (spec.

B-23¢).




PLATE XI

(Photomicrograph, crossed nichols)
Almandine porphyroblasts (dark) in
biotite-rich layer of banded biotite-
quartz schist. West flank, Jim Hill
Mt. (spec. 1-13-9-49).
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.ynkinematic, being the result of erystallization contempora-

pneous with deformation (Plate X).

The second generation of biotite, usually minor in

quantity, eonsists of irregularly-shaped plates, often without

appreciable elongation, which either roughly follow GChe

gschistosity marked by the synkinematiec biotite or grow across
the foliation at various angles. This generation represenis
a period of dying deformation and a static phase of erystal-

lization immediately following 1t (Plate IX).

Muscovite, present locally in small quantities,

displays the same two generations as the biotite. The second

generation muscovite usually consists of rather ill-defined

and irregularly-bordered gralns (Plate X).
To sum up, the typical schist is composed of three

distinet types of bands, with quartz and biotite the dominant

minerals, and graphite, wmagnetite, plagioclase, and muscovite

present in subordinate quantities. This main type of schist

is the basis forvquite a number of special varieties whieh are

characterized by the presence of additional constituents, such

as one or all of the following minerals: almandine, kyanite,

and staurolite.
Almandine may oOr may not oecur in rock types of other-

wise identical composition (Plate XI). The almandine displays

good examples of different times of erystallization with

regard to phases of deformation. Some show a well-defined
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§-shaped internal s (10,p.57) consisting of graphite and
quartz inclusions, indicating rotation during garnet growth.
Others exhibit a straight internal s which has been rotated
90° or less, indicating renewed deformation after static
garnet growth (Plate XII). In either case the almandine is
later than the primary deformation which has formed the s of

the schist. The garnet, through erystallization force, has

i{nvariably bowed-out the biotite on both sides across the
foliation and permitted a random growth of biotite in the
"otpress shadow areas”" resulting from the garnet growth
(Plate XII).

Kyanite and staurolite are frequent constituents of
the schists and may occur together or separately. Their
amount may reach 10 per cent of tThe rock. Normally confined
to the darker, biotite-rich bands of the schist, the kyanite
most often forms broad, elongate, tabular plates, the c-axes

of the kyanite lying in the plane of schistosity.' In many

schists, particularly at the axes of folds, the kyanite is

bent. Commonly, this kyanite contains an internal s consisting
of graphite. In a few cases the kyanite has grown across the
plane of foliation (Plate XIII). This phase of kyanite growth
18 later than deformation and is obviously due to high temper-
atures continuing under static conditions.

Staurolite oceurs either as rounded, irregular gralns

or, occasionally, in six-sided, idioblastic cross-sections
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PLATE XII1

(Photomicrograph, plane polarized
light) Almandine with an internal s
of graphite and magnetite displaying
post-crystalline rotation. Plane of
foliation of biotite-quartz schist
lies from left to right. Randomly
oriented biotite has formed in the
"stress shadow" areas left and right
of the garnet. Biotite plate at upper
left contains a dark, pleochroic halo
(n) around a small zircon grain.
Schilling Creek (spec. 1-15-10-49).
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PLATE XIII

(Photomicrograph, crossed nichols)
Postkinematic kyanite idioblast (dark)
transecting foliation of biotite-
quartz schist. Growing porphyroblast
has bent out the foliation of the
groundmass. Some recrystallization of
biotite, muscovite, and quartz in the
groundmass has produced a very slight
superimposed hornfelsic texture.
South slope of Mt. Howard (spec.
C-15d). ’
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which are usually elongated in the plane of foliation.

Irregularly-shaped inclusions of quartz and graphite are com-

mon. This staurolite is in part synkinematic and is in part

| postkinematic or statiec (Plate XIV).

On the southwest flank of Roeck Mt. are found very
fine-grained, highly carbonaceous biotite-quartz schists which

? appear to contain large (up to 20 mm in length) porphyroblasts

of chiastolite with well-developed graphite crosses. Micro-

| scopic examination discloses the fact that these porphyroblasts
are not composed of chiastolite but are composed of kyanite and
stauroclite which are pseudomorphs after chiastolite. It is of

interest that in this process the graphite crosses of the

chiastolite were inherited without apparent change by the
kyanite and staurolite (Plate XV). This apparently indicates

that a static growth of chiastolite under temperature condi-

tions typical of the warmer part of the mesozone preceded a
phase of dynamic metamorphism during whiech kyanite and stauro-
lite were produced. '
A study of many thin sections has convineced we that

the sehists of this area cannot be assigned to separate

kyanite or staurolite zones. These two zones of Barrow's (1)

In fact, their validity

classical scheme do not apply here.

has been questioned by several petrographers, ineluding H. H.

Read and Peter Misch. 1In the area here deseribed, rocks which

contain either kyanite or stauroclite, as well as rocks




PLATE XIV

‘Idioblasts of staurolite in a staur

1 | mm.

ight)
olite-

kyanite-biotite-quartz schist. Staurolite
has bent out foliation of mica schist
matrix. Southeast flank, Rock Mt. (spec.

B-12a).

(Photomicrograph, plane polarized 1
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PLATE XV

Kyanite and staurolite forming pseudomorphs
after chiastolite (light-colored areas) in
a fine-grained graphite-staurolite-kyanite-
blotite-quartz schist. Southeast flank,
Rock Mt. (spec. B-12b).
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econtaining both, sometimes in oriented intergrowth, are closely }‘; I
1|

assoclated and irregularly distributed, and no zonal pattern ijf

whatsoever is indicated. a
In view of what has been written above, and inasmuch y
'“Jp;i | . as the kyanite and staurolite are clearly contemporaneous in j‘
i many rocks of this area, the quartz-bilotite schists are 4f[ia
:M%&!‘ assigned to the kyanite-staurolite zone. This zone corresponds ‘\J M
| to the hotter part of the medium grade or mesozone (Grubenmann, ﬂ‘

g . : 5) of regional metamorphism. , B

SR | " Subordinate hornblende-bearing schists are intercalated ol
I i | in the dominant biotite-quartz schists. They occur most fre-

quently in the western parts of the area of schists, particu- [

r . i 1f‘ ‘

g ' Hornblende-Bearing Schists \
| 1

larly near the town of Berne. There are also oeccurrences } i

‘r»“; , adjacent to the granitic gneisses found in the vieinity of w \
i Hi ' : Merritt. Similar hornblende-bearing schists have been |

described by Page (7) in the viecinity of Chiwaukum Creek.

ogeur in the migmatite zones at the contacts of the schists

}

\

(wﬁ o P ' ‘ Hornfelsized remnants of these hornblende-bearing schists | gﬂ I

1l - . . |

|- : |

. ;

; | with the granitic rocks to the west and the granitic gnelsses ‘;3r

,“‘ ‘

\

{ﬂj‘ ' to the east. The hornmblende-bearing schists occupy zones M
i

i | . having a maximum-observed width across the strike of 300 yards. "

Most of the hornblende-bearing schists are rich in “.

| ' bilotite and are often megascopically indistinguishable from %




32

the ordinary biotite-quartz schists. The hormblende is com-
monly too fine-grained to be megascopiecally visible. DBoth the
major schist types are usually banded, but the bands in the
hornblende-bearing schists are usually thimner and less con-
spicucus. The wide gquartz-exudation bands so typical of the
biotite-quartz schists are in most cases absent. A dark,
greenish hue occasionally helps one to recognize the horn-
blende-bearing schists in the field.

Microscopic examination of the hornblende-bearing
schists shows that they are highly variable., No one particu-
lar oeccurrence can be designated as typical. The only common
characteristics of these rocks are their schistosity and the
presence as a major constituent of hornblende.

The amount of hornblende varies from extreme values of
about 5 per cent to as much as 90 per cent of the rock but is
commonly between 20 and O per cent. Other minerals in these
rocks are biotite, quartz, plagioclase, and accessories. The
hornblende is usually of a pale green color, being pleochroic
from almost colorless to olive-green. The optical properties
1nd1eaté‘an amphibole intermediate between actinolite and com-
mon green hornblende. Therefore, this amphibole will be
referred to as actinolitic hornblende. In a few cases the
amphibole is common green hornblende. This applies to all
those rock varieties with an unusually high amphibole content.

However, such true amphibolites are rare (Plate XVI).




PLATE XVI

(Photomicrograph, plane polarized light

common green hornblende in subparallel arraigement;
subordinate plagioclase and quartz. Divide between
Butcher and Kahler Creeks (spec. B-36).




Wi

Hinne

34

y oceurs in sub—equidimensional

1 arrangement »
£ deformation.
and these

ones ad jacent

The hornblende mostl

Mueh of it

perfect subparalle

grains in an im
Prisus

ized after the end ©

g been recrystall
nowever, Occur,

ha
of 87
accentuate t

nde 4o,
in theAhornrelsized Z

n of the hornblende

nkinematic hornble
he schistosity.
fecrystallizatio

ginal gsehistosity
However,

has

rred

. o granitic rocks,
as far as 2 prefe

st destroyed the ori
the over-all

almo
orientation of minerals is conoerned.

panding has 8
Biotite 18
plende in quantity. Usually

y mingled in the £

are 1nt1mate1
few localities has an alternation 0
h layers been observed. As in the cas

jons of piotite a
the second 3s post
has formed from the
relict sechistoslt

urvived.
and it may exceed the horn-

usually present
the piotite and the hornblende

abric of the rock. Only in &

£ pbiotite- and hornblende-

e of the nornblende,

rst seneration

. ric
The fi

two generat

re evident.
kinematic_and is
actinolitic hornb
y marked by the

he foliation

dominant.

is synkinematic;
lende.

Much of the piotite
ite may follow the

| This biot
or it may

b

L lynkinematic h

ormblende, grow across U
Wherever biotitization has occurred,

magnetite pecome €O In a few

at various angles.
MmO «

irregular aggregates of
gzation has almos

s usually present
o a major compone

jty from

cases biotiti
and varies in quant

Quartz 1
It may be almos®t

nt.

L

| an accessory mineral ©

lacking in those few auphib

olites which are rieh in common




35

green hornblende. The amount of quartz tends to be inversely

proportional to the amount of nornblende. V

Plagioclase usually occurs in minor quantities. It is

present in 21l quartz-bearing varieties, and in those amphibo- al fﬁ

1ites whiech contain common green hornblende the plagioclase is Il

far more prevalent than the quartz. In the nornfelsized horn-

blende-bearing schists found in migmatitic zones there has f\yl

evidently been gufficient introduction of sodium and silica ©O V\

cause the appearance of plagioclasevat the expense of quartz.

The plagioclase is more calecic than that of the biotite-quartz
schists, and 1t varies in composition from Abgg to Ab65.

Accessory almandine may be present pbut is never'as

prevalent as in the blotite-quartz gsechists.

Regional retrogressive alteration has strongly affected

many of these hornblende-bearing gschists. The piotite is often ﬂ

completely altered %O ehlorite. The pleochrolic haloes around u

zircon nuclei characteristic of the biotite are ipherited by ' ﬁ

Epidote, zoisite, and clinozoisite are frequent

this chlorite.

alteration products of plagioclase and hornblende. Sericite

has also formed ¢srom plagioclase, often to such an extent that

the type of plagloclase is nondeterminable. Some bent feld- i

gpars are evidences of some deformation during this retrogres- |

sive phase.



ggnetic Evaluation

The petrosraphic features of the major types of schist

have been described above. A genetic evaluation of these fea- .

gures appears to 1ndicate the following sequence of events.

1. A thick sequence of sediments formed the material from
which the schists were made. The pulk of these sediments were
argillites pich in sillca and alumina. The alumina excess of
these rocks, as demonstrated by the development of kyanite,
staurolite, and local chiastolite, is evidence that the orig-
jnal rocks were argillaceous sediments. The hornblende-
pearing schists and the subordinate amphibolitea were derived
either from dolomitic argillites or from guffs of predominantly
jntermediate, and subordlnately basic, composition.

2, Intense jsoclinal folding with concomitant synkinematic
regional metamorphism of medium grade occurred, and & schistose
stpructure was produced. As Gemperature rose ©O that of the
kyanite zone, kyanlte, staurolite, and almandine developed.
These minerals generally oecur in porphyroblasts postdating
the main phase of deformation during which the sehistosity was
produced, but reourrent deforoation is jndicated by rotated
almandine, and kyanite with a pronounced internal S. Some
minor folding,}féequently deforming the foliation planes, also
pelongs in a postschiatoslty phase of deformation (P1ates IX

and X).
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3. Succeeding the synkinematic metamorphism and contlinuous
with it, a static phase of erystallization oecurred., Mesozonal
temperatures persisted, and some kyanite, blotite, and muscov-
ite grew across the sehistosity with random orientation (Plates
IX, X and XIII).

4, As temperatures decreased at the end of metamorphism,
retrogressive minerals such as muscovite, sericite, chlorite,

and epidote formed. Some of the sericite and chlorite present,

however, is due to recent weathering.

5, The last major event was tectoniec and produced a large,
open, plunging syncline (ef., page 14) superimposed on the '

isoclinal folding of the schists.

Gneisses

Distribution and Associations
About one mile west of Merritt (Plate A) the schists

grade across their strike into a migmatitic zome in which

gneiss and schist oceur in varying proportions. This mig-

matite zone continues to a point just east of Merritt where

a transition to an area of dominant gnelss occurs. These

gneisses then continue eastward for approximately four miles

to a fault contact with the supposedly Paleocene econtinental

sediments of the Swauk formation (2,11,19,20). This fault

trends north-south and lles about a quarter mile east of

It is accompanied by a brecciated zone

Butcher Creek.
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approximately 200 yards in width. }

The gneisses, however, are not confined to a zone only
four miles in width in other parts of this general area.
During a reconnaissance trip to the northern shore of Lake
Wenatehee similar gneiss was found to occur on the flanks of
Dirty Face Peak (see Chiwaukum quadrangle, 17, a). Willis
(20) has shown that similar gneisses eitend farther to the
east. Certain types of gnelsses found in the Nason Ridge area
are identical with rocks occurring in the Entiat Mountains

east of the graben which contains Lake Wenatehee and the Swauk

sediments. Waters (18) has found "biotite gneisses," that

appear to be similar, grading 1nto'the granodioritic gneisses

on the borders of the Chelan batholith.

Petrology and Structure

The gneisses of the Nason Ridge area are fine ©o
medium-grained and approach a granitic composition. However,
they are highly variable in texture and, T a somewhat lesser
extent, in composition. In the migmatitic zone west of Mer-
ritt there occur sheets of leucocratic gneisses intercalated
in the darker sehists, forming a lit-par-1it structure (Plate
XVII). Layers of both rocks vary in thickness from an ineh
to'an exceptional maximum of six feet, the average being about

eix inehes. The foliation of sehist and gneiss is parallel.
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PLATE XVII

Banded gneilss. Fine-grained

highly felspathic layers and
medium-grained hornfelsic
schist material. One -quarter
mile west of Merritt (spec.
Tb-25-3-50) .
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The gneissic layers found in this lit-par-lit structure

are composed of a fine- to medium-grained rock with good folia-

Feldspar and quartz are the dominant constituents.

tion.
Subordinate muscovite and/or biotite, in parallel arrangement,

define the foliation.

These gnelssiec layers grade into the schists. Usually
the schists are biotite-quartz schiste, but hornblende schists
are also found. MNost of the schistose layers are hornfelsized
to some degree, but the quartz-rich bands and boudins soO charé

acteristic of the biotite-quartz schists are usually still in

evidence. Felspathization has formed thin bands, rich in

feldspar, along the planes of schistosity (Plate XVIII). |
Within the migmatite zone west of Merritt, and espe-

eially at the rallway overpass near the confluence of Whitepine

and Nason Creeks, there occurs a second variety of gneiss. It

consists of all possible gradations between hornblende schists

and fine- to medium-grained granitic gneisses, some of which

are almost structureless. The schists have been considerably

zed and have & hornfelsic appearancé. Along the

recrystalll
planes of rellect schistosity of these hornfelsized schists
cur (Plate

augen and lenticular aggregates of feldspar ocC

XVIII). These hornfelsic schists grade into more gneissie

rocks contalning akialiths (Goodspeed, 4)--ghadowy relics of

incompletely transformed schist. The reliet schistosity pres-

aliths is parallel to that of both the

ent in these ski
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PLATE XVIII

Banded gneiss. Granitoid bands

parallel the relict foliation of |
a hornfelsized and felspathized

hornblende-quartz schist. One- J
quarter mile west of Alpine \
lL.ookout, Nason Ridge (spec. I
B-29a) . 1
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enclosing gneliss and the adjacent schist. The skialith-bearing

gneiss grades into gneisses free of peliet inclusions. It 1s

important to emphasize the parallelism of the foliation in

schists, skialiths, and gnelsses.

To the east the migmatite zone of Merritt is succeeded

by a zone of dominant gneiss. This gneiss is quartz dioritiec

in composition. The layers of schist found in the lit-par-1it

structures near Merritt are lacking.
up to one inch in thickness, remain as relics of

But narrow, dark, mica-

eeous layers,

the schist bands (Plate XX, A).
and the foliation less well-defined (Plate

The gneiss often becomes

coarser-grained,

XX, B). Feldspar becomes the major constituent, with quartz

minor, and muscovite and biotite mark the foliation. In a few
granitie

places these gneisses grade into almost directionless

rocks. However, even in these relatively directionless rocks

-quarter inch maximun

allel €O

there occur occasional very thin (one
ess) micaceous layers with attitudes still par

-foliated roeks.

thickn

those of the adjacent, more clearly

All gradations'between schist and gneiss, and gneiss

may be observed in this area.
ck of -

and structureless granitic rocks,

Much of the relatively structureless granitic ro

this gneissic area is fine-grained and occurs in steep-sided,

-shaped bodies which tpransect the gneissie struc-

irregularly
these bodies have gradational

Up to 40 feet in width,
The roeck of these eross-cutting

tures.

borders with the gnelsses.
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PLATE XIX

"!'k'\;‘,‘N‘m'N"“\"‘“\‘\;\‘\‘\‘\‘\“;‘\";j“"l o

Banded gneiss. Felspathization along
planes of relict foliation 1in a
hist. Later,

hornblende-quartz sc
cross—cutting, fracture—controlled
replacement veins contain microcline,
plagioclase, and quartz. gouth flank
of M. Howard (spec. c-15¢) .
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PLATE XX

Banded gneiss. Mafic minerals mark

the relict foliation. One -quarter
mile west of Alplne Lookout, Nason

Ridge (spec. B-29).

I“luiv‘qq;r‘qlUP‘WI%V‘WHIVﬂ‘H%Y

Medium-grained banded quartz dioritic
gneiss. Foliation marked by alterna-
tions of lighter and darker bands
varying in mafic mineral content.
Summit of Nason Ridge, north of Lake

Merritt (spec. B-25).
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podies consists chiefly of feldspar, with some gquartz and very
few dark minerals. Often, however, relies of gneiss and, ‘
occasionally, of sechist, oceur within these granitic zones.
Usually, but not always, suchlincluéions have a relict schist-
osity which is parallel to that of adjacent gneissic oOr
schistose rocks.

A microscopic examination of the gneisses shows con-
siderable compositional and textural variability, especially
in the migmatitic areas at contacts of the schist and gnelss.
However, most of the gnelss forming the light-colored layers
in the banded rocks west of Merritt is essentially of the séme
”type as that of most of the rock composing the gneissic area

east of Merritt. This common type of gneiss is usually fine-

grained, well-foliated, and composed of plagioclase, quarcz,

muscovite, with subordinate biotite, hornblende, potash feld-
spar, magnetite, almandine, zircon, and apatite, and retro-
gressive clinozoisite, epidote, muscovite, gericite, and
chlorite.

Plagioclase is the most abundant mineral. It usually
forms at least half and occasionally as much as 75 per eent of
the rock. The plagioclase occurs as anhedral, irregularly-
shaped, crenulated erystals, with a tendency to be elongated
in the plane of foliation. The plagioelase individuals inter-
lock, one with another, and with pther minerals, in an intri-

ecate fashion. The average size of the plagioclase is about
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2 Wi, put some porphyroblasts reach twice this size. -Albite

and Carlsbad and pericline twins also

gwinning is common,
and involved zoning 18

occur. Composite twinning is common,

occasionally preaent.
The larger plagioclase porphyroblas
and often jrregular grains of
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The most common mica present 1s muscovite. Two gen~
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mmonly has parallel orienta-

though discontinuous,

tions. This earlier muscovite ¢o

tion and glves the rock a well-marked,
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PLATE XXI

\ o} mm. ]

crossed nichols)

(Photomicrograph,
roblast (upper left)

Oligoclase porphy
containing inclusions of quartz,

piotite, and muscovite. Deformed
(1ower right). Quartz

diorite gnelss. Lake Merritt (spec.
B-24).
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foliation. Oeccasionally the wuscovite can be seen to have
formed from the alteration of biotite. Muech of this muscovite
is presumed to have been derived from biotite, inasmuch as
remnants of schist within the bands of gnelss, as well as
ad jacent bands of schist, are rieh in blotite. In addition to
this earlier muscovite, some large, irregularly-shaped plates
of muscovite grow across the follation. This later muscovite
is usually turbid in appearance and has ill-defined margins.
Some of this later muscovite can be seen altered from plagio-
clase. |

Clinozoisite, epidote, and occasional zoisite may form
as much as 10 per cent of the rock. They occur as irregular
grains in the plagioclase and also in the intergranular spaces
of the rock. Occasionally these minerals can be seen closely

associated with biotite, in which case they are presumed €O

have formed as a result of biotitization of earlier hornblende.

This interpretation is usually supported by the presence of
hornblende-in ad jacent layers of schist and oeccasional, par-
tially-biotitized, remnants of hornblende preserved in the
gneiss. In other 6ases these minerals are an alteration prod-
- uet of the plagiloclase, and thus may be econsidered as indica-
tive of a retrogressive phase of metamorphism.
Almandine, with inelusions of quartz, biotite, and

occasional e¢linozoisite, is an accessory.
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In the migmatitic areas, especially wes® of Merritt,
this gneiss is transitional with the schists. Within a few
jnches the gneiss grades into biotite-quartz sehists or
hornblende-bearing schists. The schist pands which are 1ﬁme-
diately adjacent ©O the gneiss bands have uhdergone a phase of
static recrystallizatlion. As a result, they have acquired a
superimposed hornfelsic texture and have partially lost their
schistosity (Plates XVII and XViII). The biotite and muscov-
ite, and the hornblende, of these nornfelsized schists have
frequently grown across the relict schistosity. Small por-
phyroblasts of plagloclase of the same composition as in the
_gneiss form thin bands in the schists parallel to their
schistosity. As the gneiss 1is approached, these bands become
wider and the porphyroblasts larger.

A combarison of adjoining layers of schist and gnelss
often shows the two do not differ very radically in texture Or
mineral composition. Whereas quartz is usually the dominan®
constituent in the sehists, plagioélase assumes that position

in the gneisses. Most of the biotite of the schists becomes

muscovite in the gnelsses, and the total amount of mica 1is
»

reduced. Where hornblende was a major constituent of the
schist, biotite, muscovite, elinozoisite, and epidote are
present in the adjoining gneiss. Aside from These main dif-
ferences, the other mineral constituents of the gnaisées and

schists are jdentical in type and, usually, in gquantity. For
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The petrographic features of the gneisses and their i
contacts with the schists have been described above. A genetic ‘h
evaluation of these :eatures indicates the following probable it

sequence of events. o

1. During, and after, the orogenic metamorphism which ‘ ‘i

isochemically formed the schists, an introduction of sodium i
in
and silica oeccurred in the areas now occupled by gneisses. ‘_

This assumption is necessary to explain the presence of plagi- W'

| i
“ oclase as the dominant constituent of the gneisses, in contrast J

9 to the plagioclase-poor schists. At the same time the horn- l ?‘
blende of the hornblende-bearing varieties of schist was |

_biotitized, thus indiecating an introduction of potassium in
addition to sodium and silica. At a later stage biotite was
extensively, in some cases even completely, converted to mus-
covite. The biotitization of hornblende released mainly Wk
calcium, whereas the transformation of biotite into muscovite
set free magnesium and iron. Apart from these mineral trans- |'
formations, the totél amount of mica also dacreased_during the ‘ |

felspathization responsbile for the formation of the gnelsses. ]

This led to a further release of iron and magnesium, as well

as aluminum whieh later was utilized in the production of

metasomatic feldspar. No kyanite or staurolite are preserved

. in the gneisses.

The gé%esia of the plagioclase may be outlined as

follows: The aluminum silicates present in the schists;
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further aluminum set free by the breaking-up of mica; some of
the quariz of the schists; and the calcium set free as a
result of bilotitization of hornblende: all cowbined with the
metasomatically-introduced sodium and silica (ef., above) %o
form the plagioclase which is so dominant in the gneisses.
This piagioclase varies from oligoclase to andesine (ef.,
page 46). Where hornblende was a ma jor constituent of the
schists, the relatively large amount of calecium released by
biotitization of the hornblende tended to make a comparatively
more calecic plagioclase approximating Abgo in composition.
Where biotite was the dominant mafic in the sechist, and horn-
blende was either minor or absent, the plagloclase of the
resultant gneisses was more sodic and approximated Ab75 in
composition. This variability can definitely be correlated
with the original composition of adjacent sechists.

2. The processes deseribed in (1) continued after the end
of deformatiom. High temperatures and sodium and silica intro-
duction evidently continued, for large porphyroblasts of
plagioclase, with haphazard orientation, developed during this
postkinematiec or static phase of felspathization, both in the
gneisses and the adjacent schists. Transverse grains of bio-
tite, muscovite, and hornblende grew across the foliation of
the schists, and to a certain extent a hornfelsic texture was
superimposed on the schistosity. Hornfelsizing is especially

marked where schists are adjacent to gnelsses (Plate XVII).
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3 Followling the making of these gneisses, widespread
fracturing appears to have occcurred. A system of cross-cuttling
gractures was formed along whieh dike-like and some more
jrregular podies of predominantly fine—grained granitoid rock °
wyere produced, poth in the gneisses and the schists. These
transecting podies of granitoid rocks are usually considerably
1onger than wide and most usually have & dike~like over-all
shape. often one contact 18 rather well-defincd, guggesting 2
pre-granitic cross—cutting fracture as a marginal econtrol.

The other contact of such bodies is generally jirregular in
detail and gradational with the country rock. 1n some of
phese sranitoid podies haphazardly—arranged inclusions of
schis® and gneiss are found, suggesting a fault preccia which
has been invaded by the granitic materials (Plate xx11r). In
other cases the inclusions have attitudes parallel to those of
the guprrounding schists or gnelss and obviously have not been
displaced. Flow sgructures parallel to the longer axes of

these granitoid podies are in most cases absent, and not

infrequently the parallel gtructure of the enclosing gneiss

or schis® can be graced across the dike-1ike podies as a

relict structure.

These cross—cutting dike-like podies commonly‘consist
of a £ine-grained, tgalt and pepper" -11ke granitoid rock.
Microscopic examination ghows that this granltoid material

grades into the country rock at one or both contacts. The




PLATE XXIII

ated biotite-hornblende-quartz

schists partially replaced by granitic materials.
Inclusions of schist material vary from skialiths to
hornfelsized schists. Southeast spur of Union Peak.

Migmatite zone. Breccl
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average size of the mineral components 1is 0.2 to 0.5 mm, u

though occasional pegmatitic examples may have erystals as

large as 20 mm in size. Plagioclase, varying from Ab65 to

Ab75 in codposition, is the dowminant mineral, and it averages

60 per cent of the roeck, with a maximum of TO per ecent. The

around 0.5 mm in size,

larger plagioclase erystals, usually

commonly approximate Ab65 in composition, with the smaller,

In all cases the plagioclase

later crystals being more sodic.
s irregular margins characteristic of

is anhedral and show
The smaller, more sodic plagioclase

crystalloblastic growth.
more caleie plagio-

grains grow at the expense of the larger,

‘¢lase, as well as of the quartz and biotite.

Quartz averages 15 per cent of the rock and forms

anhedra varying in size from large, irregular grains to

e rounded erystals formed in the intergranular

smaller, mor

spaces.

Biotite is usually the only important mafic comnstitu-

ent and 1s haphazardly—arranged in irregular plates that

usually possess ragged, fuzzy terminations and vary in size

Sphene also occurs in minor quantities.

s closely approach

from 0.1 to 0.5 mm.
These cross-cutting granitiec bodie

a quartz dioritic rock in composition.

An examination of many of these dike-like bodles leads

to the cohclusion that the majority have formed by replacement

in situ. Occasionally, however, flow structures have developed
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parallel to the dike walls, and the dike: is jnterpreted as
peing a mobilized migmatite which has becone locally intrusive.

in addition tO the minerals deseribed above, occasional

porphyroblasts of mierocline are found which eneroach upon and
engulfl plagioclase, quartz, and the other constituents of

these dike-like bodies (ef., page 51). These microcline por-

phyroblasts always occur in narrow, often microscopic,

vein-like elongate zones transecting the pre-existing dike

and the ad jacent gneisses. Invariably this microcline 18

associated with a vermicular growth of quartz and plagloclase.

The presence of this potash feldspar suggests a potassium

1ptroduction during a postkinematic phase of crystall;zation.

4, The last event is the formation of epidote and sericite

from the plagioclase, and chlorite from the piotite of the

gneisses. Apparently the low gemperature minerals were formed
during a phase of regrogression at the end of metamorphism
when temperatures were falling, put part of the sericite and

chlorite is due to recent weathering.

Granitic Rocks

pistribution

‘A varied group of granitic rocks underlies a large
aréa west of the sechiste. They compose the Stevens Fass
pregion proper and the peaks lying north and south of the Pass

along the cascade Crest. The area of these granitic rocks
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6 inches

Migmatite zone. Relict foliation preserved in granitoid
rocks by layers differing in content of mafic minerals.

Later cross-cutting replacement veins and dikes contain

microcline, plagioclase, and quartz. Lake Valhalla.
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PLATE XXV

Partial granitization of brecciated

ons of schist material display

Migmatite zone.
tion and transformation.

schists. Inclusi
varying degrees of felspathiza

Southeast spur of Union Peak.
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PLATE XXVI

T m \‘m m vwm [

Sharp and discordant contact of schist and
granitoid rock. Schists with a slight
superimposed hornfelsic texture. South
ridge of Mt. Fernow.
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dioritic rocks are usually restricted to the relatively narrow
mig&atitic zones on the borders of the main granitic body.
Other rocks, quantitatively unimportant, are very light in
color, with plagioclase and quartz dominant, and few mafics
present. The predominant type is an intermediate, leucocratic
rock which is medium-grained and composed chiefly of plagio-
clase and quartz with biotite and hornblende in small,
unevenly-distributed pateches (Plate XXVII, A).

Structures and Inclusions. These dominant granitic

rocks have apparently been considered as structureless and
homogeneous by Smith (13,p.157). Inasmuch as most of them
lack any preferred orientation of the mineral components, this
is true. However, in many other ways they are far from being
structureless and homogeneous.

Reliet foliation is often found in these granitic
rocks. Usually 1t is not associated with a preferred orienta-
tion of minerals but is displayed by varying proportions of
dark and light minerals in alternating layers and elongated
lenticles (Plate XXVII, B). There are numerous small areas
where such relict foliation gives a gneissose appearance ©o
the grahitic rocks (Plates XXVII, B, and XXVIII, A and B). In
the area southwest of Lake Valhalla, on the southeast spur of
Union Peak above Smith Brook, and on Barrier Peak there are
sxtensive northwest-southeast elongate areas, ranging from

several hundred yards to over a mile in length, in which Chis




64

PLATE XXVII

A. Leucocratic, medium—grained quartz
dioritic rock. Patchy arrangement
of mafic minerals. Near confluence
of ?111 and Nason Creeks (spec.
C-5).

—

B. Gneissose quartz diorite. Relict folia-
tion marked by darker and lighter bands.
Lake Valhalla (spec. B-2) .
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PLATE XXVIII
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pelict foliation prevails (Plate B). In sueh areas the roek
can be ecalled a gneissose granitid pock. 1B gll cases the
attitudes of the relict foliation are parallel go those of the
schists pordering the granitic rocké on the east.

In addition to the prelict foliation, dark gnclusions
in varying states of transformation are fprequently found.
Howhere can a wass of granitic pock more than 8 pew feet across
pe found that 1acks these jnelusions (Plate XXIx, A). The
materials forming most of the inclusions yary from slightly
hornfelsized schists tO ghadowy pemnants OF skialiths. There
also are occasional inclusions of 1enticular quartz masses, UP
to geveral inches in 1ength, which are 1dent1cal in shape and
composition to the elongate quartz podies 80C common 1in the
biotite-quartz achists. These quartz jnclusions eontain
elongate piotite plates in parallel orientation. Another type
of inelusion which 18 fairly cOmmon , especially in the vieinity
of Lake valhalla, consists of 1enticular aggregates or attenu-
ated strlngers compbsed of at jeast 99 per cent piotite. These
vary in length from one inch ©O geveral feet.

Mbst of the various Lypes of elongate jnclusions oeccur
singly or in small groups. When found 1in groups they display
a striking parallel arrangement (Plate AXIX, B), and their
orientation was found ©O be parallel to the attitudes of the
schists and gnelsses on the east, even where the inclusions

measured are as much as five miles distant from the contact of
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iorite} Elongate inclusions of

nornfelsized schist material in parallel
arrangement. Attitudes 1degt1cal to those
of adjacent schists. Southwest of Lake

Valhalla.

B. Quartz d
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the granitic pocks and the schists.
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their parallel orientation due to a superimposed static
precrystallization. Frequently the original structure of the
schist is still visible as a pelic in the form of par
pands of graphite running through the mafic erystals. Some of
the biotite and hornblende have remained elongate, and some
polygonal ares similar ©O ghose of ad jacent schists have been
preserved as relics. Usually there is evidence that hornblende
was once the dominant mafiec, and that extensive piotitization
nas ocecurred. pPart of the plagioclase of the jnelusions has
the saume composition as the plagioclase of the gurrounding
granitic rock but is of a much smaller grain gige. Part of
the plagioclase of the mafie-rich ineclusion 1is somewhat wore
gsodic than the plagioclase of the ad jacent granitic material.
Accessory minerals, such as apatite, sphene, magnetite, and
occasional garnet, are the same in the ineclusions and the
granitic rock.

Regular jointing ig very common in the granitic rocks.
Normally there are three sets of joints, roughly at right
angles t0 each other, but apparently without a consistent
orientation chroughout the area.

ggggggggggi. The bulk of the rocks forming the main

granitic body are medium-grained and 1eucocrat1c with a com-

crysualloblastic texgure. All mineral constituents

and_interlock one

pletely
are anhedral, very jrregular in outline,

with another. The dominant minerals are plagioeclase, gquartz,
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piotite, and nornblende, with gubordinate miqrocline. Apatite,
sphene, orthite, magnetite, and oécasional garnel are acces-
gories, and epidote, clinozoisite, muscovite, and sericibé
have formed through secondary processes. i

pPlagioclase usually forms 50 UO 60 per cent of the
rock. The plagioclase crystals yary in size from minute, - . ¥
to 0.2 mm rounded grains, go a maximum of 4.0 mm. The average
48 2.0 mm in size. The plagioclase is generally twinned after
the albite and carlsbad 1aws, though pericline twinning 1s
also found. Complex zoning way occur in some of the larger
erystals. The average composition of the plagioclase is about
Ab70s with yariations ¢pom Abgg ©O Ab75.

Straln shadows are common in the plagioclase, and the
erystals are often bent, frequently in an undulatling fashion.
gxamples of fracturing of plagioclase grains and of healing by
plagioclase gsubstance are often found. Most of the plagioclase

crystals contaln pumerous inelusions of biotite, hornblenée,

and quartz (Plate XXX, A)- Retrogressive sericite, epidote,

and clinozoisite may &lso be present in the plagioclase. The 1@

sericite has clouded wany of the crystal centers and obliter- f

ated the twinning. only the smaller plagioclase erystals

which have formed in the 1ntergranular gpaces are ¢lear. Fre-

quently plagioclase has penetrated piotite and nornblende

gpains along thelr cleavage planes. Some plagioclase gralns

have pushed aside and pent oub larger elongate gralins of
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E XXX (continued)
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The bulk of the granitlc pocks in this area can be WIEE

called jeucocratic quartz diorites. Quartz-poor yarieties ;K‘LL

may be called quarcz-bearing diorites. Local varieties in Lt
IR

which microcline makes up as much as 10 per cent of the rock IR

approach a trondhjemite in composition. i k
R

Qgscription of the Migmatitic Border Zones i

The granitic«rocks are everywhere in gradational con- R |
‘\

tact with the achists, with the one exception of the ridge of &M |

Mt. Fernow (cf., DPage 60). However, regardless of the tyPe of ILRE

contact, the porder zZones of the granitic pody display all Wh |
(i

_variatlons pbetweel relatively uniform, wostly dlrectionless MR

‘s granitic rocks and partly girectional, partly airectionless Ll

chists and granitic rOCKS .

cowards 2 con~-

migmatites composed of s

Proceedlng from the main granitic pody

cact with the schis®, the i{neclusions, which in the main pody

usually form amounts of less than 2 per cent, become more and

more agbundant, and finally an area of dominant schist 18

peached. These mixed porder zones vary from & hundred yards

to as much as & mile in width. gince in these migmatitic

P zones there exis® all gradations petween and all proportions

of granitic and sehist material, it is 1mpossible co single

| .
. - out one gpecimen or one small area as being typical.

Bowever;

regardless or‘their position within the migmatite ZONes » the

rocks in these zones do possess certain common characteristics.
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PLATE XXXII

Migmatite. Felspathization of an amphibolite
along the planes of relict foliation. Road cutb,
one nlile northwest of confluence of Mill and
Nason Creeks (spec- _20-9-49).
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PLATE XXXIII

Migmatite zone. Relict folds preserved in granitoid rock
by alternations of darker and lighter bands. Layer of
hornfelsized and felspathized schist material (sg. Post-

granitic quartz and feldspar pegmatite (p). North slope
of Mt. Fernow.




¢ pafie materials can be frequently
seen extending from parsially spansformed sehist blocks
intc the granitic pocks, and sometimes these stringers

extend completely serogs the dike-like granitic bodleg.

Genetie Interpretation
The field and petrograpiic @?iﬁ&ﬁ%ﬁ presented 1is
ipterpreted as indicaiing that the bulk of the &I

found in the SGEVERS Pass area nhave been formed by the meta-

satism of nre-exisbing schists and | nibolitic rocks. It

nas been pointed out above {ef., pages 15, 11, 81) that there

oyidence for an introduction of sodius, potassium, and
giliea which @%ﬁﬁ%%fﬁhﬁ~1&%ﬁ@&%&ﬁ%ﬁi§ﬁ%&%' orphosed rocks,
most of which contained hormblende, 4o be changed in texgure,
strueture, and ecmposicion &0 predominantly guarte dioritic
zranular f%g@@aiﬁf., pages 51-53 for & dstailed diseussion of
similar metasomatic processes) .

This conclusion applies £0O the ent.re granitic area
thus far mapped, sxeept for the granitoid rocks occurring
along the ridge of Mt, Fernow. 1t is on 4t. Fernow alone that
s sharp and ﬁiﬁ@ﬁﬁﬁgﬁt a&ﬁ%a@% of sehist and granisold rogk
was found. Here alzso oeeurs an sprupt change in the @?@?&iiﬁﬁg
ﬁ%?i%@ of the schisis (piaste B) which, eoupled with the sharp

contact, way i@&i@&t@ nat oab this 2 the granitie rogks
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PLATE XXXIV

Replacement breccia. Inclusions of schist material
vary in degree of transformation from nornfelsized
biotite-quartz schist to skialiths. Dark inclusion
to the left of the biotite—quartz schist 18 2@ segre-
gatlion of mafic minerals. Lower Mill Creek.
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have foreibly intruded the schists. However, further field

and petrographie study is necessary before a valic iﬁ%@f@?ﬁ%@;
tion of the wmechanisw of enplacement of the granitoid rocks of
Mt. Fernow can be made.

In all other areas there is evidence for 2 metasomatic
ordigin of the gﬁ%ﬁi@iﬁ roeks, This evidence has been pre~
cented above in the descriptions of the rocks and may be

gummarized as followa:

1. Field evidenge:
s,  The eontacts between granitie rocks a@@ @a&iﬁtﬁ
are %ﬁ%?&%ﬁlgkgﬁﬁﬁﬁiiﬁmﬁi snd are secompanied by wide
migmatitic zones in which 21l kinds of transitions
between sehists, various types of gneissose rogks, and
dirvectionless granitic rocks @@@&@_{%f,g pages 50 and
79). Similar transitions sre found in the interior
portions of the granitic body where inclusions ang
reliect bands of schist occur.
b. Meny of the sechiet ineclusions found in the interior
parts of the granitie body, offten miles fron the mig-
matitic border zones (ef., page 66), are aligned and
sre parallel to bands of hornfelsized schists within
the granitic body. Both sehist inclusions and bands
are parallel to the strike and dip of the schist adja~
cent to the granitiec body. The laeck of disturbance of

these peliet schist inelusions and layers appears o]
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.

preclude emplacement of the granitic body bYy forceful
injection of the country rock.

¢. Reliet foliation occurs, pboth in the migmatitic
border zones and in the interior portions of the
graniticvbody. It is parallel ©o the strike of the
schist adjacent ©o the granitic body (ef., pages 66,
d., HNeither 1n the migmatitic border zZones, nor where
schis® material occurs in the interior of the granitic
body, were amny structures seen whieh would indicate

§

N

foreible intrusion OF dilation (e
Petrographic evidence:

a. The textures of the various granitoid rock types
are entirely erystalloblastic (ef., page T0, ete.) .
Tne_growth of plagioclase and gquartz, at the expense

of and around pre-existing minerals, 1s especiall

&

conspicuous, suggesting replacement.
b. The granitoid rocks conspicuously lack a uniform
composition, chemically, structurally, ©oF texturally

rs and inclusions

]

Y

W
B

t‘u

(ef., pages 63, T3 77, and 81).
of sehist material, and uﬂevenlg-distributeﬁ patches
of mafic minerals, emphasize this neterogenelity.

¢. The type of granitold rocx is apparently determined

association of dioritic types with hormb ende-rich
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Reliet schistosity and occasional polygonal ares

o |

hornblende are common to both hornfels-
ized sehists and granitic rocks (ef., page 78).

e. Both the relict inclusions and the surrounding
granitic rocks have accessory minerals usually
identical in quantity and type (ef., page T0).

f. The mafic minerals of the relict schist materlal
and the surrounding granitoid rocks are of identical
composition (ef., page T7T).

g. The plagloclase of the hornfelsized schists and
of the granitic rocks varies in a similar manner,
being more caleic in the presence of hornblende, and

more sodic in the presence of blotite as the original

mafic mineral (ef., pages T4 and 81).

From a chemical point of view, the essential difference
between the schist material and the granitiec rocks is an addi-
tiéh of sodium and silica and minor potassium %o the‘granitic
rock which has led to an inecrease 1n plagioclase and quartz,

to the biotitization of part of the hornblende, and to a more

local development of late microecline.
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